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<0 3 oO]lg|?«^^gl?x -v ^ y ^J^'-r S c i: fc J; ^ p. 

nSo ±iS*a'H5fl^m4, 865, 453^ti ^tO 5 -7 -S^(C 

[0 0 19] 



#B8¥6-8 8 9 1 5 

8 

[0 0 2 0] ^^WtOffioaWti, ^JHtoKSLfO^ 

[00 2 1] *^0^(7)fte©gm, SrHtcP}gL/c'>^ 

t%i\'D(D-:rv-i'imm^mtznx^*). coyu 

[0 0 2 2] :^mmmo:>mmti^mn<D^mxh^-:r 

[00 2 3] 

[0 0 2 4] 1 ooffimfcjcntf. 7'U-:>-7^ 

mM.tnx^^^o cntcjcoT. ^?M(^ffl#f^A''$i)i.o 

[0 0 2 5] ^mmm(Dmm^txt\i<i. zfv—fim 
lotoT'u-^'-^ssA^'sttGn. ^co^mF-:^^ 

n/c * ;^ 7 X $ {± 7 1 ;!/ 7 7 X cD-ir ^' ^, Siby 



(6) 

9 

[0 0 2 6] 

3' liZfl^-i-^^m^m^LX{,^io 

[0 0 2 7] *|g0flO±liT'fc§yU-^W!St!Stil99O 
^12^1O0{C(±JSS$n/c3|^H^ITtoSSm625, 153^{Cia 10 
tlT 1/ CD |5l^(D:^ffi {C J; o Titfilt $ n 9 §o 

[00 2 8] cDHU*{i^>U;^3J:D35:?.*Hfig 

H ^ h - y $ n >^ U * X - h j; 0 * 3 7 *" 5 X (D^ 
[0 0 2 9] C(D}S^mjiar37X- h©«^nyy 'J 

micmm-^n^o ^(D^oicLxwibnrcmmiS'yxm 20 
mm-^mtmmmcm-x^^o 

[0 0 3 0] n7ioy:^(Dm^2^iX}=i7iS^:^(Dm 

i-ftmH&mMm^VV yyymcX'^X-:^U-i-yt'r 
-y\HX'X.y^yi'-^n%>o y^)fio:)-^->^-^^-y K 

[003 1] ^?B4j!)^^M-??til$nTl/^?.7!)^$>^l/^{i 

HKM^nfc^^tcti. ^tD^miii^i.o«)asf^*WL 

TI/>5*'«. a7:flr^X£D^«t2t5j;t>*2' OSM^Stt!^ 

^<.fi^ti'h. wm-rrxy—i-'mimo^^y'^'pYfi. 
x*s^coft^it^g*^^ti/ctt'jN$< cmc^fc-^ 



1^iS¥6-8 8 9 1 5 

10 

04*0 «=SLl^l5H«m04~2.0T'*5o 

[0 0 3 2] mzimucn'^tntz-fu-i-^m^^cr) 

7^^1 2{cA5o ^Wffil 3C0^.;^Sfc(i^n<D)fi< 
'^T*<02JcfiSi^T*n^?nTi/>i)J;3fcitl¥ffi 1 3tc^ 
[0 0 3 3] 37Bm^l 2" (iyu— t^iiiSSSco^f 

>y FiT']ft«$n5'^g«*i>o mmm \ 3 
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LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 



22.02.2000 
23.04.2002 



http://wwwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAAIYa4zeDA406088915PLhtm 7/5/2006 



JP,06-088915,A [CLAIMS] 



Page 1 of 2 



* NOTICES * 

iTPO and NCIPX are not responsible for any 
damages caused by the use o£ tbis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] At least one photoconductivity core-materials field which is combined with the (a) base and the 
(b) aforementioned base, and forms planar structure in planar optical waveguide, (c) It is formed in the field 
of said photoconductivity core materials, and at least one interface in this field which functions optically is 
provided. Said at least one interface which functions optically adjoins the cavity. Whether said cavity 
includes air as the refractive index of that differs from the refractive index of the field of said 
photoconductivity core materials substantially Or at least one planar light element by which degassing is 
carried out, (d) Planar optical waveguide possessing the field of the charge of an exaggerated clad plate 
installed on said at least one photoconductivity core-materials field and said at least one planar light 
element, 

[Claim 2] Planar optical waveguide of claim 1 said whose at least one planar light element is a lens. 
[Claim 3 J Planar optical waveguide of claim 1 said whose at least one planar light element is micro prism. 
[Claim 4] Planar optical waveguide of claim 1 said whose at least one planar light element is a diffraction 
grating. 

[Claim 5] Planar optical waveguide of claim 1 M and whose N said planar optical waveguide functions as a 
MxN coupler, and are integers. 

[Claim 6] Planar optical waveguide of claim 1 which the field of said photoconductivity core materials 
becomes from a silica or the doped silica glass. 

[Claim 7] Planar optical waveguide of claim 1 with the larger difference of the refractive index of the field 
of said photoconductivity core materials, and the refractive index of said at least one planar light element 
than about 0.04. 

[Claim 8] Planar optical waveguide of claim 7 whose difference of the refractive index of the field of said 
photoconductivity core materials and the refractive index of said at least one planar light element is about 
0.04 to 2.0 within the limits. 

[Claim 9] planar optical waveguide — setting — the (a) base and (b) — at least one photoconductivity core- 
materials field which is combined with said base and forms planar structure, and (c) — the planar optical 
waveguide to which it consists of at least one planar light element formed in said at least one 
photoconductivity core-materials field, and, as for the refractive index of said photoconductivity core- 
materials field, said planar light element is characterized by substantially different refractive index. 
[Claim 10] Said planar light element possesses at least one interface in said photoconductivity core- 
materials field which functions optically. Said at least one interface which functions optically adjoins the 
cavity, or [ that said cavity includes air ] — or the planar optical waveguide of claim 9 which degassing is 
carried out and is made as [ be / the refractive index of this cavity / about 1 .0 ], and is larger than about 1 .5 
as for the refractive index of said at least one photoconductivity core-materials field, or is made equally to it. 

[Claim 1 1] Planar optical waveguide of claim 9 by which other high refractive-index ingredients like the 
silica glass with which said cavity was doped or silicon nitride, oxy-silicon nitride, or amorphism silicon are 
included, and the refractive index of said planar light element is more substantially [ than about 1.5 ] large, 
and the refractive index of said at least one photoconductivity core-materials field is substantially made 
small from about 1.5. 

[Claim 12] It is the planar optical waveguide of claim 9 M and whose N said planar optical waveguide 
functions as a MxN coupler, and are integers. 

[Claim 13] Planar optical waveguide of claim 9 by which the difference of the refractive index of said at 
least one photoconductivity core-materials field and the refractive index of said at least one planar light 
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element is made more greatly than about 0.04. 

[Claim 14] Planar optical waveguide of claim 13 by which the difference of the refractive index of said at 
least one photoconductivity core-materials field and the refractive index of said at least one planar light 
element is made about 0.04 to 2.0 within the limits. 

[Claim 15] Said at least one photoconductivity core-materials field is the planar optical waveguide of claim 
9 which consists of a silica or a doped siHca ingredient. 

[Claim 1 6] Planar optical waveguide of claim 9 said whose planar light element is a lens. 
[Claim 1 7] The base which has the (a) 1 st refractive index in the approach of manufacturing planar optical 
waveguide. Planar structure is formed by combining with at least one photoconductivity ingredient field 
which has the 2nd different refractive index from said 1st refractive index, (b) The optical circuit which 
removed the ingredient and was beforehand chosen from at least one part of said planar structure, and at 
least one cavity on it are formed using RISOGURAFU technique, (c) The manufacture approach of planar 
optical waveguide which consists of a process combine the field of an additional ingredient with said planar 
structure on at least one field which removed the ingredient, and it is made not full [ process / the field of 
said additional ingredient ] of said at least one cavity in this case. 

[Claim 18] The approach of claim 17 that said planar structure is heated and extended before said removal 

process. 

[Claim 19] The approach of claim 17 that the field of said additional ingredient is installed using a chemistry 
steamy sediment technique. 

[Claim 20] The approach of claim 1 7 that the field of said additional ingredient is installed using a tape 
casting technique. 

[Claim 21] The temperature by which welding of the field of said additional ingredient is carried out to said 
planar structure is the approach of low claim 1 7 more substantially than the temperature by which welding 
of said at least one photoconductivity ingredient field is carried out to said base. 

[Claim 22] The approach of claim 1 7 which consists of an optical ingredient which the presentation of the 
field of said additional ingredient does not devitrify. 

[Claim 23] The approach of claim 17 that the field of said additional ingredient is installed using low 
temperature and a plasma en HANSUDO chemistry steamy sediment technique. 

[Claim 24] The approach of claim 23 made as [ fill / the layer of a polymer ingredient is installed on said at 
least one cavity before installation of the field of said additional ingredient, and / with said cavity / the layer 
of said polymer ingredient ]. 

[Claim 25] The approach of claim 17 that said cavity is filled up with the ingredient characterized by a 
refractive index like amorphism silicon, silicon nitride, or oxy-silicon nitride being comparatively high. 
[Claim 26] The dimension of said cavity is the approach of claim 1 7 controlled to prevent restoration of said 
cavity by the field of said additional ingredient. 

[Claim 27] The approach of claim 26 that said cavity is etched more deeply [ in order to prevent restoration 
of said cavity by the field of said additional ingredient at the time of said joint process ] than said at least 
one photoconductivity ingredient field. 

[Claim 28] The approach of claim 17 that said photoconductivity ingredient field consists of a silica or a 
doped silica ingredient. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the planar optical waveguide containing specific 
components, or a planar light corpuscle child. 

[0002] Vocabulary called the planar light corpuscle child used on these specifications is defined including a 
lens, a diffraction grating, and micro prism as what means the accumulation light corpuscle child of the 
arbitration formed in the optical channel of planar optical waveguide. 
[0003] 

[Description of the Prior Art] Some techniques for creating a planar light corpuscle child to planar 
accumulation light equipment are known. These approaches Land survey components (for example, refer to 
U.S. Pat. No. 4712856 number), Fresnel's lens (for example) Suhara et al."Graded-Index Fresnel Lenses for 
Integrated Optics", Applied Optics, vol.21, no.l 1, pp. 1966-71 and June 1, and 1982 Reference, Luneberg 
lens (for example) Columbini and "Design of Thin-film Luneberg-type Lenses for Maximum Focal Length 
Control", Applied Optics, vol.20, no.20, pp.3 589-93 and October 5, and 1981 Reference, And a diffraction- 
grating lens (for example) Hatakoshi et al. and "Waveguide Grating Lenses for Optical Couplers", applied 
Optics, vol.23, no.l 1, pp. 1749-53 and June 1, and 1984 Reference is included. Other techniques by which 
planar optical waveguide and the component of that are created using a polymer are developed (for example, 
the [ European Patent official report ] refer to 0 446 No. 672). It includes that the technique of fiarther others 
uses the low refractive-index lens ingredient laid under the high refractive-index planar waveguide (for 
example, Minot et al., "A New Guided-Wave Lens Structure", Journal of Lightwave Technology, vo.8, 
no. 12, pages 1856-65, December, 1990). 

[0004] A land survey lens is characterized by the surface impression in the crowning of planar optical 
waveguide. One problem in a land survey lens is needing strict control for the creation time of this surface 
impression. This strict control in creation time is needed in order to press down the scattering loss in a 
transition point to the minimum value. Moreover, a land survey lens may not sometimes be suitable, when 
the sediment of the layer of an additional ingredient needs to be carried out on it. 

[0005] The Luneberg lens is the minor key of a land survey lens, and it needs to use the lens ingredient 
which has a refractive index higher than a planar optical waveguide base. Depending on the refractive index 
of a planar optical waveguide base, this may sometimes be difficult, when the refractive index of a planar 
optical waveguide base is comparatively high especially. Moreover, the Luneberg lens is extremely sensitive 
to a small change of sediment thickness distribution. 

[0006] Fresnel's lens is similar to the zone plate (zone plates) in bulk optics (bulk optics), and in order to 
acquire the desired focusing effectiveness, it depends for it on a phase shift (phase shifting) and/or 
absorption. This phase shift is obtained through a series of half period zones applied to planar optical 
waveguide. Fresnel's lens presents whenever [ wavelength induction / of nonpermissible extent ], and an 
exaggerated clad problem is not solved, either. Moreover, like a diffraction-grating lens, Fresnel's lens is 
carried out shaft outside, and its engine performance (off-axis performance) is inferior, and its chromatic 
aberration is large. Creation of the half period zone of Fresnel's lens is difficult to control. Please refer to 
Ashley etal., "Fresnel Lens in a Thin-film Waveguide", Applied Physics Letters, vol.33, pages 490-92, 
September 15, and 1978 about the still more detailed statement about using Fresnel's lens in planar optical 
waveguide. 

[0007] the above-mentioned European Patent official report 0th — it is related with 446 672 No. creating 
planar optical waveguide from an epoxy polymer ingredient. Above about 230 degrees C which is the 
temperature which a polymer begins to decompose, optical loss increased rapidly the planar optical 
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waveguide in the above-mentioned European Patent official report. The only planar structure investigated in 
the above-mentioned European Patent official report was interconnect of planar waveguide and the "Sharp 
comer" ("charp-comer") waveguide bend. The exaggerated clad was not prepared in the waveguide which 
used the polymer in the above-mentioned European Patent official report as the base at all. For this reason, 
air was produced as a clad covering the whole planar waveguide. This will produce the very large structure 
of the refractive-index difference which cannot suit the fiber in in the single mode of a class and the many 
modes which are used for a communication link. 

[0008] It is related with the paper of above-mentioned Minot et al. using the lens ingredient which has a 
refractive index lower than the refractive index of planar waveguide. The planar waveguide was created 
from the high refractive-index III-V compound. By using Coming 7059 glass as a lens guided wave 
element, the comparatively large refractive-index difference was able to be acquired between a lens field 
and subject waveguide by the thing of the paper of above-mentioned Minot et al. The axial blank engine 
performance better than the thing possible thereby conventionally, smaller chromatic aberration, and the 
lens that has a higher polarization dependency were obtained. However, the thing of the paper of above- 
mentioned Minot et al. Do not pass for it to be applicable to an III-V compound (for example, GaAs), but 
since the refractive-index difference between Coming 7059 glass, a silica, or the doped silica ingredient is 
substantially smaller than the refractive-index difference between Coming 7059 glass and a high refractive- 
index III-V compound what is widely used in the field of communicative — the same result will not be 
obtained in the planar waveguide which used SiO [ like ]2 or doped Si02 as the base. Moreover, it is not 
indicating that the paper of above-mentioned Minot et al. prepares an exaggerated cladding layer, this 
accumulates and the fiber in the single mode of a class which becomes about the very large stmcture of a 
refractive-index difference over the optical channel of the whole planar optical waveguide, which will come 
out and exist and which carries out and is used by the communication link for the mismatching (mismatch) 
of large optical loss and the Mohd Field diameter, or the many modes must have been suited, furthermore, 
an exaggerated cladding layer — existing --**** — ** — ** — while producing change to the medium which 
adjoined planar optical waveguide and affecting propagation of the light within a core layer, a core layer 
will be exposed to the risk of mechanical breakage — I will come out. 

[0009] Other techniques for creating the planar light element in planar optical waveguide are developed. 
[0010] U.S. Pat. No. 4547262 is indicating the approach of creating planar optical waveguide on the base of 
LiTa03. The approach is correcting the refractive index of a base ingredient alternatively with the ion- 
exchange technique, in order to acquire the optical geometrical configuration defined beforehand. However, 
this United States patent is not indicated about using an exaggerated cladding layer. Therefore, the planar 
optical waveguide created by this approach has the very large stracture of a refractive-index difference over 
the whole optical channel, and cannot suit the fiber in the single mode of a class, or the many modes used by 
communication link. 

[001 1] U.S. Pat. No. 4141621 is indicating the approach of manufacturing the planar optical waveguide 
created by Nb 205. The layer of Ti02 is arranged between 205 layer of two Nb(s). TiO two-layer achieves 
the function of the dirty stop (etch stop) for etching more 205 layer of upside Nb(s) into accuracy. The 
effective refractive index of the field etched is corrected by etching upside Nb205 ****. This United States 
patent indicates the effect of having added the trouble in this approach, i.e., TiO two-layer, and while it 
produces the increment in waveguide loss by introducing TiO two-layer in the 3rd column of the 33-38th 
line for the "stop dirty purpose, it will affect some of other propagation properties. Therefore, Ti02 had to 
be kept as thin as possible, and if an effective stop dirty property moreover is not given, it will have 
described it as ******** '• 

[0012] U.S. Pat. No. 4755014 is indicating the planar optical waveguide structure where two surface layers 
from which a refractive index differs continued on the base, and have been arranged. A refractive-index 
interface is prepared by it between these two surface layers. This refractive-index interface may function as 
a lens, prism, or an optical waveguide interface between planar channels according to the difference of that 
configuration, a dimension, or a refractive index. However, this United States patent is not indicated about 
an exaggerated cladding layer. Therefore, the planar optical waveguide created by this approach has the very 
large stmcture of a refractive-index difference over all optical channels, and cannot suit the fiber in the 
single mode of the type used by communication link, and the many modes. 

[0013] The approach of further others contains the planar light element formed in the planar waveguide 
which consists of an Si3N4 induction layer which has Si02 cladding layer. This approach is indicated by a 
series of following papers and patent. Mottier et al., "Integrated Fresnel-Lens-on-ThermallyOxidized-Silicon 
Substrate", Applied (Optics, vol. 20, no. 9, pages 1630-1634, May 1, 1981; Valette et al., "Integrated-optical 
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Circuits-Achievedby Planar-Technology-on Silicon-Substrates: Application to the Optical Spectrum 

Analyser", and lEE Proceedings, vol.131, pt.H, no. 5 and pages 325-31, October, 1984; Lizet et al. U.S. Pat. 

No. 4,740,951 ; Gidon et al. U.S. Pat. No. 4,786,133; And Gidon et al. U.S. Pat. No. 4,865,453. 

[0014] The paper of above-mentioned Mottier et al. is indicating the planar optical waveguide which has 

Fresnel's lens. The FresnePs lens is etched chemically and made with Si02 "an exaggerated 

layer" ("overlayer") for producing change in the effective refractive index of the planar waveguide in the 

field of the lens. A cavity has neither an indication nor a hint nor the indication about and hint that 

prepare an OB A-cladding layer in the crowning of the lens made and etched in the paper of this Mottier et 

al. 

[001 5] The paper of above-mentioned Valette et al. is indicating the various optical elements designed in the 
planar optical waveguide which used silicon as the base. That planar optical waveguide structure consists of 
a film of (1) silicon base, and a silica layer with a thickness of 1-4 micrometers obtained by oxidizing this 
silicon base thermally and (2) (3) silicon nitride, and a (4) silica exaggerated layer. A refractive-index 
difference is acquired by etching a Si02 exaggerated layer locally. Please refer to 327 or 328 pages of the 
paper of above-mentioned Valette et al. The paper of above-mentioned Valette et al. is not just ♦*****(ed) 
to the exaggerated clad applied on the optical element [ ETCHIGU / element ], and the cavity as some 
optical elements is not indicated, either. 

[0016] Above-mentioned U.S. Pat. No. 4,740,951 is indicating the planar optical waveguide which may 
function as a multiplexer or a demultiplexer. The fundamental structure of this waveguide is similar with 
what is indicated by the paper of above-mentioned Valette et al. Some optical elements which demonstrate 
the desired function of waveguide with combination exist. A diffraction grating separates an input light 
beam and carries out the operation used as the discrete beam which conveys predetermined wavelength. 
These grids are obtained etching only the silica layer of the crowning of waveguide, or by etching the silica 
layer of the crowning and etching a silicon nitride layer partially. Although an exaggerated clad can be 
prepared in these grids, a cavity is not left behind to the field of a grid when an exaggerated cladding layer is 
applied, light ~ those grids top — or some mirrors reflectively converged to an output micro guide also exist. 
These mirrors are obtained by etching through three layers of the crowning of waveguide structure. Above- 
mentioned U.S. Pat. No. 4,740,951 has carried out neither an indication nor a hint about preparing an 
exaggerated clad in a mirror element. 

[0017] Above-mentioned U.S. Pat. No. 4,786,133 is indicating the planar optical waveguide which may 
function as a multiplexer or a demultiplexer. The fundamental structure of this waveguide is similar with 
what is indicated by the paper of above-mentioned Valette et al. The main optical elements of this 
equipment are diffraction gratings. This grid is obtained by etching through three layers in the crowning of 
waveguide structure. This grid has the facet with which two foci agreed into the input and output part of 
planar optical waveguide, respectively. The metal layer is covered in order to raise the reflection property of 
that to the functional side of this grid. Above-mentioned U.S. Pat. No. 4,786,133 has carried out neither an 
indication nor a hint about preparing an exaggerated clad in this grid. 

[0018] Above-mentioned U.S. Pat. No. 4,865,453 is indicating the planar optical waveguide which functions 
as a displacement transducer. The fundamental structure of this planar optical waveguide is similar with 
what was indicated by the paper of above-mentioned Valetteet al. Some of the light corpuscle children are 
obtained by etching a top silica layer locally as indicated by the paper of above-mentioned Valette et al. It is 
obtained when two mirror elements carry out local etching of the three top layers of waveguide. Above- 
mentioned U.S. Pat. No. 4,865,453 has carried out neither an indication nor a hint about preparing an 
exaggerated clad in the mirror element. 
[0019] 

[Problem(s) to be Solved by the Invention] One purpose of this invention is the planar optical waveguide 
which suited the need for the communication link field, and is offering the planar optical waveguide to 
which the substantial difference's exists between the refractive indexes of the core region which at least one 
planar light element possessing at least one interface which adjoined the cavity, and which functions 
optically was laid underground, and adjoined the cavity of planar optical waveguide, and it. 
[0020] Other purposes of this invention are offering the planar optical waveguide which at least one planar 
light element possessing at least one interface which adjoined the cavity, and which functions optically is 
laid underground, and gives the function of a MxN coupler. 

[002 1 ] Other purposes of this invention are offering the planar optical waveguide from which at least one 
planar light element possessing at least one interface which adjoined the cavity, and which functions 
optically is laid underground, and this planar light element's is protected mechanically and optically by the 
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exaggerated cladding layer. 

[0022] Other purposes of this invention are offering the approach of creating the planar optical waveguide 

which is the theme of this invention. 

[0023] 

[Means for Solving the Problem] This invention relates to the planar optical waveguide containing the 
planar light element possessing the interface contiguous to a cavity. Between the refractive indexes of the 
field of the core glass which may include air even if degassing is carried out, or adjoined the cavity and it, 
the cavity may contain other matter, as a substantial difference exists. The planar optical waveguide which is 
the theme of this invention may be designed so that the waveguide fiber in the conventional single mode or 
the many modes may adhere and it may operate with it. 

[0024] one voice of this invention — or [ that the cavity includes air by preparing at least one planar light 
element possessing at least one interface which adjoined the cavity and which functions optically in planar 
optical waveguide if it depends like ] — or degassing is carried out. The refi'active index of a cavity is set to 
about 1.0 by this. For example, with a lens, according to the difference of this refi-active index, it has a 
comparatively short focal distance in planar optical waveguide, and the design to which the refiractive index 
of the field of the core glass of planar optical waveguide becomes comparatively high is attained. In this 
case, a cavity is made with a concave which functions as a focusing lens. 

[0025] According to other modes of this invention, at least one planar light element possessing at least one 
interface which adjoined the cavity at planar optical waveguide and which functions optically is prepared in 
planar optical waveguide, and the cavity contains other matter like the doped silica glass or amorphous 
silicon, silicon nitride, or oxy-silicon nitride. Thereby, the refi-active index of the cavity with which it filled 
up becomes larger than about 1 .5. For example, with a lens, when created by the silica by which it has a 
comparatively short focal distance in planar optical waveguide, for example, the field of the core glass of 
this planar optical waveguide is not doped by the difference of this refi-active index, the design of the 
refi*active index of the field of that core glass which becomes comparatively low is attained. In this case, the 
above-mentioned cavity is made with convex so that it may fijnction as a focusing lens. 
[0026] 

[Example] this invention — the theme — it is — a planar — waveguide ~ drawing 1 — being shown — having - 
- **** ~ a base ~ a field — one — a core ~ glass ~ a field — two — a koala ~ gas ~ a field — two ~ ' — an 
interface — three — an interface — three — ' — those — an interface — three — and — three — ' — between — a 
cavity — four — and — exaggerated — a cladding layer ~ five — providing — **** . An interface 3, a cavity 4, 
and interface 3' constitute the planar light element, 

[0027] The planar waveguide which is the theme of this invention is created by the same approach, and it 
deals in it as it is indicated by the United States patent application No, 625,153 for which it applied on 
December 10, 1990. 

[0028] On the essential target which consists of a silica, the past of the base field 1 is a planar-like base 
ingredient, and has the large dimension more substantially than the dimension of final planar optical 
waveguide. For example, the layer of the core glass which consists of SHIRIKASU-TO **-**(ed) in 
suitable refi*active-index correction dopant matter like a gel maniac is installed by the base 1 , and forms a 
composite construction. 

[0029] This composite construction is KONSORIDE about the layer of KOASU-TO. - It is heated by 
sufficient temperature to carry out TO and carry out welding of it to a base ingredient. Thus, the acquired 
melting glass structure is heated till softening temperature, and creates planar light Kane of the last 
dimension as which it was extended and was chosen beforehand. This planar light Kane's cross-section 
dimension is substantially [ as the cross-section dimension of final planar optical waveguide ] the same. 
[0030] The planar optical waveguide path beyond one or it in field 2of field [ of core glass ] 2 and core 
glass' and a cavity 4 is etched by RISOGURAFU processing within planar light Kane. The exaggerated 
cladding layer 5 of a silica is installed in the form of a soot, and it is KONSORIDE about the soot. - It is 
heated by sufficient temperature to carry out TO and carry out welding to planar optical waveguide. The 
dimension of a cavity 4 is selected so that the cavity may not be full with the exaggerated cladding layer 5. 
[003 1] or [ that the cavity 4 is filled with air ] — or although the cavity has about 1 .0 refi-active index when 
degassing is carried out, the field 2 of core glass and the refi-active index of 2* are about 1 .5, and this is the 
refi^active index of Si02 doped glass. When such a substantial difference is in a refi*active index, substantial 
optical profits are obtained. For example, when an interface 3 is a lens element, the optical refi-action which 
passes through the interface increases with increase of the difference of a refi-active index. Therefore, as the 
difference of a refi-active index is large, the effective focal distance of a lens element becomes so shorter. 
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Since the number of the planar light elements which may be contained in the planar optical waveguide of 
predetermined size increases by this, the compact design of complicated planar optical waveguide is 
attained. Moreover, if a refractive-index difference is large, the radius of curvature of a lens element will 
become so small. By this, potential more large numerical aperture or incident angle becomes possible. If 
radius of curvature is small, generally the spherical aberration produced with a lens element will decrease. 
The substantial difference of a refractive index is larger than about 0.04, and the desirable range is about 
0.04-2.0. 

[0032] Although drawing 2 is the plan of the planar optical waveguide shown in drawing 1 , the exaggerated 
cladding layer is not shown. The equipment shown in drawing 2 is 1x2 couplers created according to this 
invention. The light from the optical waveguide fiber 16 goes into a core region 12. An interface 13 is hit as 
all are shown to drawing 2 by the broken line substantially [ the light from the optical waveguide which had 
the core 1 5 arranged the focus of an interface 13, or near it ]. 

[0033] Core layer field 12" is the non- functional area of planar optical waveguide. Even if two channel 1 V 
which a core region is etched [' ] and made the base field expose is filled up with the exaggerated cladding 
layer, it does not need to be. These channels do not need to be filled up with an exaggerated cladding layer 
in this example of 1x2 couplers, an interface 13 is because it is designed between core glass 12 and channel 
1 r so that all may hit an interface 13 substantially [ the light from an input optical fiber ], as the light from 
the input optical fiber 16 completely resembles all of an interface substantially and it does not hit. Similarly, 
between field 12' of core glass, and channel IT, although direct coupling of all was carried out to optical 
fiber 16* and they passed interface 13' substantially [ the light which passes this interface 13* ], interface 13* 
is completely substantially designed so that neither of an interface may be hit. 

[0034] The profits of the short focal distance in the planar optical waveguide created according to this 
invention are large. Drawing 3 shows 3x3 couplers created according to this invention. The light from three 
input optical waveguide fibers (not shown) goes into a coupler into input micro guide 20a which was formed 
in the core region by etching Channels 29a-29c from the left-hand side edge and which is essentially square 
waveguide - 20c. The light from each input micro guides 20a-20c crosses a cavity 23 as the lens let of an 
interface 22 be alike, respectively, and it is refracted. Interface 22' makes all the light refracted, and it is 
made to converge into the beam mixer 25 formed by etching a channel 28 in the field 24 of core glass. 
[0035] The beam mixer 25 fianctions as giving good distribution of the light which hits an interface 26. An 
interface 26 makes the light which crosses a cavity 27 and hits an interface 26 collimate. It is made to 
converge into output micro guide 20a'-20c' formed [ light / to which the lens let of interface 26' hit interface 
26' ] in field 21' of core glass by etching in channel 29a' - 29d'. 

[0036] Since the refractive-index difference needed for the waveguide propagation which passes along input 
micro guidesa [ 20 ]-20c and output micro guide 20a'-20c* and the beam mixer 25 according to the 
fiandamental light wave propagation theory is produced, when an exaggerated cladding layer is installed, it 
fills up with Channels 28, 29a-29d and 29a* - 29d*. 

[0037] 3x3 couplers shown in drawing 3 are designed so that it may be bidirection again. Incidence of the 
input light may be carried out from a left-hand side edge as mentioned above, or it may carry out incidence 
from a right-hand side edge. The binding action is the same even if which of the edge of left-hand side or 
right-hand side is used for a design symmetrical as a core, and eye backlash are made in the beam mixer 25. 
[0038] Moreover, in order to form a compound light subsystem like 1x4 couplers which have branching of 
90o as shown in drawing 4 A, a considerable number of planar light elements are combined, and it can make 
with single planar optical waveguide. The light from an optical fiber goes into the core region 32 of planar 
optical waveguide from right-hand side in the location shown by the arrow head. An interface 33, 33*, and 
33" carry out reorientation of about 1/4 of the optical power of the whole which went into planar optical 
waveguide first, respectively. Core layer field 32** is the non-fiinctional division of the core layer of planar 
optical waveguide. Since the refractive-index difference needed for the waveguide propagation which passes 
along the core region 32 according to the fimdamental light wave propagation theory is produced, channel 
3 1 * which a core layer is etched [* ] and is making the base field expose is designed so that it may fill up with 
an exaggerated cladding layer. 

[0039] By drawing 4 B, the surrounding field of an interface 33 is expanded in order to show a detail. Only 
sufficient distance to deflect the quarter of the optical power of the whole which the interface 33 was having 
the include angle of 45o given, and carried out incidence to planar optical waveguide first has entered in the 
core region 32. The cavity 34 is filled with air or a vacuum, and the refractive index of this cavity 34 is 1 ,0. 
Total internal reflection (TIR) will produce the incident angle of the light which carries out incidence to an 
interface 33 to the part of the light which carries out incidence in the interface 33, since it will probably be 
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smaller than a critical angle. The light which carried out incidence to the interface 33 will be deflected in 
core-region 32* by this. The same deviation will arise in interface 33* and 33." 

[0040] The gap 35 arranged between a cavity 34 and channels 36 and 37 in drawing 4 B is order whose die 
length is 5-20 micrometers, the light in a core region 32 or 32' since the die length of these gaps 35 is 
comparatively short — essential — completely — a gap 35 — passing — core layer field 32a" ~ it does not 
spread inside 

[0041] Other examples of this invention are 1x2 splitters as shown in drawing 5 . In this case, the input light 
shown by the arrow head is divided into two output channels. The planar light element which consists of an 
interface 43 and a cavity 44 divides an input into one half, and makes one one half of the input turn at an 
angle of 90o. The planar light element which consists of interface 43' and cavernous 44' makes the same part 
of the above-mentioned input turn at an angle of 90o, and both output channels are physically arranged on 
the same edge of planar optical waveguide. Since the refractive-index difference needed for the waveguide 
propagation which passes along the core region 42 according to the fundamental light wave propagation 
theory is produced, when an exaggerated cladding layer is installed, channel 4r is full. The physics of the 
light reflex in an interface 43 and 43* is the same as that of it of 1x4 splitters which has 90o branching 
mentioned above about the equipment of drawing 4 A and 4B. 

[0042] The lens interface 45 in the input of a core region 42 carries out the operation which converges the 
light which entered in the core region 42 from the input optical waveguide fiber (not shown). Lens interface 
45' and 45" in an output of a core region 42 carry out the operation which converges the light which came 
out of the core region 42 into an output optical waveguide fiber (not shown). 

[0043] drawing 6 — an interface — 53 — a cavity — 54 — becoming — the — one — a planar — a light 
corpuscle — a child — Iriki — a signal — two — a ** — a part ~ dividing — and — an interface — 53 — * — a 
cavity — 54 — ' — and ~ an interface — 53 — " — a cavity — 54 — " — becoming — a planar — a light corpuscle 

— a child — respectively — two parts of the signal from said 1st planar light corpuscle child — two more parts 

- dividing . an interface - 58 - 58 ~ ' - 60 - 60 - ' - 62 62 - ' - a cavity - 59 - 59 - ' - 61 - 61 - ' 
63 — 63 — ' — becoming — a planar ~ a light corpuscle — a child — respectively — these — an interface ~ 
incidence — having carried out — light — reorientation — carrying out — four — a ** ~ an output channel — 
physical — a planar — optical waveguide — being the same — a side ~ positioning — having — making . The 
physics of the light reflex in these interfaces is the same as that of it of said two examples. Since the 
refractive-index difference needed for the waveguide propagation which passes along the core region 52 
according to the fundamental light wave propagation theory is produced, when an exaggerated cladding 
layer is installed, it fills up with channel 51'. 

[0044] One planar light element consists of examples of further others of this invention in the interface 73, 
and 73' and a cavity 74 as shown in drawing 7 A. The planar optical waveguide of drawing 7 shows 1x4 
couplers. A cavity 74 is filled up with the silica glass 75 doped as shown in drawing 7 B, after etching as 
shown in drawing 7 A. The presentation of the silica glass 75 is chosen so that the refractive index of that 
may become higher than the field 72 of core glass, and that of 72'. Light goes into planar optical waveguide 
from one optical waveguide arranged at the left-hand side edge (not shown). The light is coUimated by the 
interface 73. The Gauss Power distribution of the light which passes along planar optical waveguide is 
produced, the collimated input light is divided into four equal parts, and the configuration of interface 73' is 
chosen so that it may converge in [ near the right-hand side edge / four ] that four output optical waveguides 
are arranged (not shown). Since the refractive-index difference needed for the waveguide propagation which 
passes along the core region 72 and 72' according to the fundamental light wave propagation theory is 
produced, when an exaggerated cladding layer is installed, it fills up with channel 71'. The refractive-index 
difference is larger than about 0.04, and desirable range is 0.04-2.0. 

[0045] I will explain further to a detail how to create the planar optical waveguide which is the theme of this 
invention about drawing 6 A - 6C and the planar optical waveguide shown in 7A and 7B. This approach is 
similar with what is indicated by the United States patent application No. 625,153 for which it applied on 
December 10, 1990. However, the planar optical waveguide of this invention does not need to be created 
according to the approach. 

[0046] Drawing 6 a is the side elevation of one example of planar waveguide preforming. The approach 
used in order to create this example is explained. 

[0047] The base 51 is created with fused silica or other suitable ingredients, and has the plane dimension on 
the essential large target more substantially than the dimension of a request of the last planar optical 
waveguide. In this example, the dimension of a base 51 is 1 .2cm in die length of 35cm, width of face of 
5cm, and thickness. It is not illustrated although the base 5 1 is equipped with the handle for using at the time 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/5/2006 



JP,06-088915,A [DETAILED DESCRIPTION] 



Page 7 of 9 



of processing. 

[0048] A core layer 52 is technically installed by the top face of a base 51 using the well-known 
conventional soot sediment technique. The thickness of a core layer 52 is about 100 micrometers. This core 
layer 52 serves as Si02 from Ge02 8% of the weight. The exaggerated cladding layer 55 is installed on a 
core layer 52 using the conventional soot sediment technique, the exaggerated cladding layer 55 — thick ~ it 
is about 100 micrometers of mackerel, and consists of Si02. 

[0049] Thus, obtained planar light preforming is heated for about 20 minutes at about 1450 degrees C, in 
order to carry out welding of a core layer 52 and the exaggerated cladding layer 55 to a base 52 and to form 
a planar light base material. Thus, the obtained planar light base material is heated till about 2100-degree C 
softening temperature, and planar light Kane who is extended and has 0.4cm of **** and a cross-section 
dimension with a thickness of 0.00cm is created. 

[0050] This planar light Kane is processed by long die length, and it is made as [ get / the optical waveguide 
of some / predetermined die length / is created, and ]. The planar optical waveguide of each [ the last of the 
processing ] is separated, and it gets. Or it may be cut by the die length whose planar light Kane is the die 
length of a request of the last planar optical waveguide substantially, and may be processed separately. In 
explanation next [ about this processing ], it is cut by the die length whose planar light Kane is the die length 
of a request of the last optical waveguide substantially, and it is assvuned that it is the thing processed 
separately. 

[0051] Drawing 6 B shows some side elevations of the planar optical waveguide material at the time of 
RISOGURAFU processing obtained by doing in this way. After carrying out repetitive washing with 
deionized water, an acetone, and the solution of 1 - 2%HF, chromium coating 56 is installed by the planar 
optical waveguide base material using a RF-sputtering technique. Next, the organic photoresist covering 57 
is installed on the chromium layer 56 by the spin covering processing by about 300 rpm. This covered 
planar light base material is calcinated for about 20 minutes in about 110 degrees C in a furnace. 
[0052] The optical circuit mask which has the preselected optical circuit pattern is created using a Prior art. 
the covered planar light base material doubles with an optical circuit mask, and the organic photoresist 
covering 56 is exposed in ultraviolet-rays light ~ having — it — the account of a top — the above-mentioned 
organic photoresist covering 56 is made to imprint the preselected optical circuit pattern This pattern is 
developed using a commercial photoresist developer. After that, exposed organic photoresist covering is 
removed by washing in cold water (rinse) in deionized water. 

[0053] The chromium coating exposed by having removed exposed organic photoresist covering is removed 
using a commercial chromium etching solution. After that, a planar optical waveguide base material is 
washed with an acetone, and it is removed by the rinse in the inside of deionized water. Consequently, a 
planar optical waveguide base material will have the chromium coating of the pattem of said preselected 
optical circuit. 

[0054] The square from which a planar optical waveguide base material is not protected is etched using a 
reactive ion technique (reactive ion technique). After that, residual chromium coating is removed using a 
commercial chromium etching reagent. With the solution which consists of deionized water, commercial 
glass chestnut-NA, and 1 - 2%HF, by the wash and deionized water, the rinse of the planar optical 
waveguide base material is carried out, and it is dried. 

[0055] Thus, the obtained planar optical waveguide base material is shown in drawing 6 C. By the approach 
of creating the planar optical waveguide shown in drawing 6 C, the dimension of channel 51' is designed so 
that width of face may be set to about 30 micrometers. For the application of a single mode, the triangular 
cavity 53 and 53' are designed so that it may have an oblique side equivalent to the width of face of the core 
region 52 whose width of face is about 6-8 micrometers. In the case of the application in the many modes, v 
typeface slot of a narrow channel is used instead of a triangular cavity. Cavity 59, 59', 61, 61', 63, and 63' is 
designed so that width of face may be set to about 3 micrometers. These dimensions are determined at the 
time of the lithograph processing of planar optical waveguide mentioned above. 

[0056] An exaggerated cladding layer (not shown in drawing 6 C) is technically installed using a well- 
known soot sediment technique. The range of the temperature exposed in order to carry out welding of the 
soot exaggerated cladding layer to planar optical waveguide is 1450 degrees C - 1 500 degrees C. The soot 
consists of Si02 or Si02 doped on low concentration level (<2 % of the weight) in Ge02, B-2 03, or an 
ingredient like P205. With this temperature and presentation, the relative width of face and the 
configuration of a cavity, and interval which were contrasted with the channel have the following result. 
That is, although it will fill up with a channel if an exaggerated cladding layer is installed, it does not fill up 
with a cavity. It is thought that this phenomenon is similar to capillarity. At the time of soot sediment, since 
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circulation hardly exists in a cavity, a soot particle has the inclination to flow out of a cavity and not to be 
filled with a cavity. Moreover, an exaggerated cladding layer does not bend at the time of a fusing process 
for a presentation of that, and melting temperature. Moreover, the depth of a cavity is intentionally etched 
deeply rather than the core region of planar optical waveguide so that there may be nothing for which the 
soot deposited on the bottom of a cavity will cover a core region, namely, so that it may still be made the 
field of the core glass of planar optical waveguide and a cavity may exist in it. 

[0057] Other techniques may be used in order to make an exaggerated cladding layer install. The easiest 
technique includes making the film of the optical matter which has a suitable refractive index for the front 
face of planar optical waveguide adhere strongly. 

[0058] Other methods of making an exaggerated cladding layer install are based on tape casting technique 
(tape casting technique). The slurry containing the particle of the optical matter which has a necessary 
refractive index is created. This slurry is made with a thin film sheet. These thin film sheets are arranged on 
planar optical waveguide, and they are heated in order to weld to this planar optical waveguide. The optical 
matter used by this approach is not devitrified as a result of heating and a fusing process. 
[0059] Other approaches of using it in order to make an exaggerated cladding layer install are plasma en 
HANSUDO chemistry steamy sediment (it is plasma-enhanced chemical vapor deposition (PECVD).) which 
uses a silane and a nitric oxide. PECVD is produced at temperature far lower than the conventional 
chemistry steamy sediment (CVD) technique. Also in this case, leaving a cavity to the field which functions 
optically [ core glass ], the depth of a cavity may be designed so that it may permit making a cavity partially 
flill. Moreover, since temperature is low, PECVD can install the layer of a polymer ingredient before a 
PECVD process in a cavity. The refractive index of the layer of a polymer ingredient will become the same 
as the refractive index of an exaggerated cladding layer. Since a polymer layer carries out the seal of the 
cavity effectively, restoration of a cavity is not produced at the time of a PECVD process. 
[0060] An exaggerated cladding layer may be installed at two processes. At the 1st process, the exaggerated 
cladding layer filled up with the channel of planar optical waveguide will be installed, for example by 
carrying out the mask of not a channel but the cavity, without being accompanied by exaggerated cladding 
of a cavity, or restoration. At the 2nd process, although a cavity can prepare an exaggerated clad as 
mentioned above, restoration is not made. 

[0061] In the planar optical waveguide of the format shown in drawing 7 A and 7B, other processes are 
performed in processing. It is, after RISOGURAFU processing of planar optical waveguide is performed, 
and it is filled up with a cavity for a high refractive-index ingredient suitable before an exaggerated cladding 
layer is installed, and it makes, and is applied. The high refractive-index ingredient is other ingredients like 
the doped silica glass, silicon nitride, or oxy-silicon nitride, and it deals in it. This high refractive-index 
ingredient is applied by a conventional soot sediment technique or other conventional approaches which 
were mentioned above, and it deals in it. In order to carry out welding of the high refractive-index ingredient 
to planar optical waveguide, planar optical waveguide is heated. Finally, the Ore bark rad layer is installed 
and welding is carried out to planar optical waveguide. 

[0062] More generally than the case with which an exaggerated cladding layer fills up a cavity where it does 
not have intention like, a cavity is large, when it is having it meant to fill up with a high refractive-index 
ingredient. Furthermore, a cavity can be made as [ become / being filled up with a cavity to the level as 
which the high refractive-index ingredient which was etched more deeply than the case of the cavity with 
which it does not fill up, and was installed functions optically / the field of core glass / easier ]. 
[0063] In the case of a coupler and a splitter, it is changed and deals in the geometrical geometry of a planar 
light element so that a binding fraction or split ratio may be corrected. For example, in 1x2 splitters shown 
in drawing 5 , the amount of the light divided into each of the output whose distance in which an interface 
43 crosses and extends the field 42 of core glass is two will be determined. Similarly, in 1x4 couplers shown 
in drawing 7 B, the amount of the light combined with each of the output channel whose die length on each 
front face of a lens of interface 73' is four will be determined. 

[0064] Generally the engine performance of the equipment created by planar optical waveguide is expressed 
with superfluous loss. Superfluous loss shows the amount of the light which originates in division of an 
optical circuit and is lost by each optical channel. In the case of the 1x8 coupler design, the planar optical 
waveguide created according to this invention had superfluous loss of the range of 2-3dB. It depends for the 
magnitude of loss of specific planar optical waveguide on the complexity of an optical circuit at a part. That 
is, superfluous loss becomes larger as there are many planar light elements in a specific circuit, the 
magnitude of loss is like the front face of a coarse interface — ** -- manufacture — a top — if a defect 
increases, it will increase in connection with it. That is, loss by dispersion of light becomes large as it will 
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become, if the roughness of an interface becomes large. This is equal to superfluous loss of other above- 
mentioned approaches of magnitude with an extent of 8-lOdB. Theoretically, the superfluous loss from the 
planar optical waveguide created according to this invention is small like about about 0.1-0.2dB. 
[0065] The NxM coupler is important in especially a communicative field. In planar optical waveguide, 
contiguity association and y-splitter tree - and - branch design are created. Generally such equipment is the 
size of the range of 20 to 40mm. The manufacture tolerance needed for creating these equipments is very 
restrictive. For example, for the application of a single mode, after creating the dimension of a core region 
by etching, it is about 6-8 micrometers. This dimension needs to be precise to ** focusing on 0.5 
micrometers, in order to avoid the superfluous propagation loss in planar optical waveguide. Moreover, y- 
splitter tree - branch, and a contiguity joint design have respectively M and N equal to 2x and 2y, and x 
and y are best suitable for creating the coupler which is an integer. 

[0066] The MxN coupler created by planar optical waveguide according to this invention has some 
advantages as compared with y-splitter tree - branch, and the contiguity joint design. The range of the 
dimension of the matching whole MxN coupler which was created [ 1 st ] according to this invention is 2- 
5mm. The manufacture tolerance needed [ 2nd ] for the dimension of the cavity in the planar optical 
waveguide of this invention can become high at about several microns, without having a bad influence on 
propagation of the light in the inside of the planar optical waveguide. Even if the about several microns 
dimension of a cavity changes, it is almost uninfluential to the focal distance of an interface, or joint loss. If 
the planar optical waveguide of this invention is used [ 3rd ], since association is easily controllable, a MxN 
coupler like 1x3 or 1x6 can be carried out easily, for example. The theoretical loss from the MxN coupler 
created [ 4th ] according to this invention will become smaller than the case of y-splitter tree - which is 
equal to this, and - branch design, since there are few interfaces in planar optical waveguide. For example, 
1x8 couplers created according to this invention include two interfaces in the optical chaimel. It contains in 
every one each of the boundary of a cavity, it is suited, and it is **. This is equal to three splitter interfaces 
in each optical channel of 1 x8 couplers created using y-splitter tree - and - branch design. 
[0067] Other ingredients can also be used although the approach of creating the planar optical waveguide 
and planar optical waveguide of this invention which were explained on these specifications was explained 
about the glass ingredient. For example, the field which functions optically can be formed with a polymer, 
plastics, amorphism silicon, silicon, and a photoconductivity ingredient like transparent crystallized glass. 
Similarly, a base may be formed with an above-mentioned photoconductivity ingredient, or may be formed 
with a heat-resistant ingredient, for example, an alumina, or a non-photoconductivity ingredient like a 
metallic material. 

[0068] Although this invention was illustrated and explained about the desirable example, it will be 
understood by this contractor about the format and detail of these examples that versatility can be changed, 
without deviating from the pneuma and the range of this invention defined as the claim. For example, 
although this invention was explained mainly about a planar light element like a lens or micro prism, this 
invention can be applied to other planar light elements like a grid. Moreover, this invention is ******(ed) so 
that it may function also to the optical waveguide fiber in the conventional single mode or the many modes. 
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* NOTICES * 

JPO and NCZPI are not responsible £or any 
daznagres caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 ] 




[Drawing 4 A] 




[Drawing 4 B] 
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[Drawing 6 C] 




[Dra wing 7 A] 
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[Drawing 7 B] 
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